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Overview

» Bifacial Models in PVsyst
¢ Fixed Tilt Sheds
¢ Horizontal Axis Trackers

w Bifacial Tracker Simulations

¢ Bifacial Gain
¢ Impact of Pitch (GCR), and Height
¢ Impact of Latitude and Climate

o Summary and Outlook
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Introduction

Bifacial Shed Model was introduced in PVsyst V6.60
¢ 2D Model for fixed tilt sheds
¢ Can be used for long regular rows

Bifacial Tracker Model since PVsyst V6.70
¢ 2D Model for horizontal axis trackers
¢ Generalization of shed model with varying tilt

Unlimited trackers: / Bifacial tracking \

first step towards for horizontal axis
horizontal bifacial tracking model (since V6.7.0)

(since V6.6.7)

Bifacial model
for fixed tilt sheds
(since V6.6.0)

Field type [Unlimited horizontal tracking ~|

Beam acceptance and reflexion
Limitangle = 21.1 4

L]
0000000
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Using the Bifacial Models in PVsyst

Bifacial PV Module

@

Front side irradiance

Effective
irradiance

Single diode
model

IV-Curve

lc

w00 p———— MPP
"“55"""""""""_""""‘.\
1500 1\
s P
1000 H
1
H
H
500 1
: \
i |
0 . ®
. - 5
[] 5 10 Vn—p; 1 \,tm 20

Valtage
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Bifacial Models

Project: BifacialTrackingDemo PRI - o x
Project Site ¥
Project's designation
Fiename [Biaciall rackingDemo. PRI Froject’s name [Bfacial Trackng Demo aQ+HMx|@
Site File [Park P0_MNTImed SIT [Metecesm 7.1 (1961201 0) Modfed by vse] Sweizsiland Q
MeteoFile [Fonl 70_ClesrSip MET Cleer Sky, Linke = 35 Ceatky  Okm =] Q

Simulation done
[version 6.71. date 18/04/18)

Meima delshase

0 Proectseings

System Variant (calculation version)

Vatant [VC0 - Urimied Trackers

S Mt x| @

Simulation Resulls overview
Spsiem kind Unlimited Trackers
N [— 162 W
.5 Specific production 2324 PR
0.809
@ Detaied lovze: Grd system deRmTRET-Wesli. “Unlimited Trackers™

[= I |

lobal Systom configuration -
[ 2] Wumber o ks of subranaye b,

2l "3 Smpiind Schema

Sub-aray name and Drientation

“ Choosing a bifacial PV module
o] ] glves access to bifacial model

by Sub-arsay name a
[ Sytemovervews  [pd | Name [P iy « Meveng Farea o T T T
[2

Oert Undimited Wackers, hotiz. akis ﬂ o aveilzble sreafmodides] ¢ tl

Select

[vabioton =] Hitacial module @ Biscid soen |
[Geresc B EE Mano 250 Wo B0 cols Bitacii Since 2015 _'_wpe” =] B Open

I~ Use Optisizss

Sergvobages - Vrp BUT) 257 V.
Voo (10T) 422V

Bifacial Model

computes
back side
irradiance

¥ EHe
| ] o r— T
Standard bifacial model involving tracker with horizontal axis FLEC
You ca parameters as youlike for parametric analyss |
The smulation vill use the parameters datermined from the system (checkboxas checked)
Orientation parametess
“Accdng 1 sslem Beam and diffuse on ground
™ Phiangle = 182
i acimuth 00 é 2 ong g
i e X
Primec|600 2" B o | Maindsa @ sC
I Unes badkrackng ” " | e e
i and ST
Trackers and ground paramater
Fuch [660 m [ — — — Powes (STC) 500 ko

2
Shed lolsl wh 304 m

= Puolle engl lmk -62.4 *
Height above grourd [300 m
Grournd abed [0 % [

210 1 23 4 867 B S 1011121314151 17181820
Distance al ground level [m]

Graph

1

5z

Inathance on ground

21 Septembes 1300
Phi ange [ribout ksl 18.2°

Config

uration of Bifacial Model
(horizontal axis trackers in this ca

~

»}

beamchudy 755 Wim2
Global hachen on Giound 869 X
Daidy iradistions for clear sky
Month  [Sectener |
oty 37 el
e 12 khim2 P AL
esn oo ol 375 4 .
. Guond 5433 T T
Global hachon o E oud 416X Hour of day 210618 —
Achuald enderhlol a
il mm P o Fae @ Erase cet. X e ‘ S
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Bifacial Shed Model in PVsyst

Bifacial calculation steps

Irradiance reaching the ground
Direct (1.) Sky Diffuse (2.)

e

Ground Albedo

View Factors (3.) Sky Diffuse  Direct

Sky Front Rear onrear (4.) onrear
Loss Add to Rear shadings

front irradiance*® l

\ Module bifaciality

Effective irradiance on module

|

Single Diode Model

Front side mismatch* Rear side mismatch

*Standard PVsyst simulation

Bruno Wittmer

Irradiance on Ground

Ground Acceptance 2. Ground acceptance
of direct light of diffuse light

Beam and diffuse on ground with sheds

Limit angle = 21.0 Ground diffus
6 Limit angle = 21. 1 N
.
/ ,,,,,,,,,,,,,,,, / ,,,,,,,,,,, / ,,,,,, ; >\ % 1.
¢Prof \7/
- [ 0
0 1 2 3 4 L L] 7 8 9 0 12 3 - 6 17 10
Ontance ot ground ove o} ostonte et groundene

The sun profile angle is the sun
height in the 2D projection

Irradiance on Module

3. View factors 4. Sky diffuse and

direct on back side

Sky diffuse

“““““““ o
240 1 2 3 4 56 7 8 8 101112 13 14 15 16 17 15 18 20 0 2 4 6 0 0
Distance at ground level [m] Distance at ground level [m]

Integrate over all ground points
and the back side of the module

DDDGG
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Bifacial Tracker Model in PVsyst

Irradiance on Ground

¢ Direct (Beam) Fraction
¢ Sky Diffuse Fraction

General Simulation Parameters  Unimited Trackers 2D model

Standard bifacial model involving tracker with horizontal axis ﬂ
You can play with the shed’s parameters as you like for parametric analysis.
The simulation will use the parameters determined from the system  (checkboxes checked)

Orientation parameters
Aecording to system

s azimatn [0 =

i

Phi min [50.0 j o
Primas {00 =|° &
I™ Uses backiracking W

Trackers and ground parameter
Pich [660 m [V
Shed total width [304 m [V
=» Profie angle lmit -62.4 ©
Height sbove ground [300 m
Ground abedo 300 % ¥

Iiradiance on ground
21 June 07:48

Phi angle [mithoutfmits)  56.7
Beam clear sky 470 W/m2
Global faction on Ground 23,5 %
Daily irradiations for clear sky
Month  fwe <+
Beamclearsky 7.8 kWh/m2
Diffuse clear sky 1.5 kWh/m2
Beam fraction on Ground 38,3 %
Diffuse faction on Ground 54.3 %
(Global fraction on Ground  42.8 %

NN N Y

Reflection from Ground
¢ To back side
¢ To front side
¢ Lostto sky

Standard bifacial model involving tracker with horizontal axis =
You can play with the shed's parameters as you like for parametric analysis.
The simulation will use the parameters determined from the system  (checkboxes checked)

Orientation parameters

Beam and diffuse on ground

Phiangle = 56.7° 8

According to system
B azimah [00 °

S 6 7 & 9 1011 12 13 14 15 16 17 18 19 20

Distance at ground level [

Global £ ground
Diffusé on ground

& & 10 12 14
Hour of day 2106113

20

Graph

Hour of day 16:27
L I
Sun profile angle 147*
1| I

Animation

Additional contributions
¢ Direct (beam) fraction on rear side

¢ Sky diffuse fraction on rear side
¢ |AM losses for each contribution

Bruno Wittmer

Phi min |-£0.0 ﬂ
Phimax [B00

[™ Uses backtracking

Ir2
2
I

Trackers and ground parameter

Pitch [6.60

Shed total width |3.04
=> Profile angle mit §2.4 *

m v
n

Height above giound [300 m

Ground albedo [30.0 % [
Imadiance on ground
21 June 07:43

Fhi angle {without limits) 56.7°
Beam clear sky 470 W/m2
Global fraction on Ground  23.5 %

Daily irradiations for dear sky

Month  [dune -

Beam clear sky

7.8 kwh/m2

Diffuse clear sky 1.5 Kwh/m2
Beam fraction on Ground  39.3 %
Diffuse fraction on Ground  54.3 %
Global fraction on Ground  42.8 %

Green Contributions

are constant for sheds.
With trackers, they
become functions of sun
position (sun profile angle),

Beam and diffuse on ground

Phi angle = §6.7°

AL

5 & 7 8 91n111213141 151713192n

Distance at ground level [m]

Trackers angle, Phi = 56.7
—— Diffuse on ground = 61 6%
View factor, back, average
Reflected diffuse on bac]
(for albedo = 30.0%)

Fostion below tracker

Graph

Reflected diffuse on rear sii v

Rposiionongound  5.24m

faf = i o]

Animation

This bifacial model can be used for horizontal axis trackers.
The tracking algorithm minimizes the Angle of Incidencg!

Page6
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.k
Simplified Preliminary Calculation

Monthly breakdown of irradiances

On Ground On PV module rear side
W77 T T T 4lp 1 T 1T 1T 1T 1T T1T1
Beam on ground 553 kKWhim® _ F Reflected on back 213 kKWhim®
120 [ Diffuse on ground 321 KWhin? . g £ From Sky on back 41 KWhim?
100 |- -
z E
£ =
= 80} - &
Absolute ¢ :
% sol 2
g
a0 %
o
Jan FebMar Apriay Jun Jul AugSepOct NovDecdsar Jan FebMar &priay Jun Jul AugSepOct NovDedr ear
s—r—T—TTT T T T T T LT T T T T T 1
Beam fraction 27.3% 3 Reflected on back 7.5% of Glebinc
05k Diffuse fraction 15.8% i o0k I From Sky on back 1.4% of Globlne | |
=
; :
-E 0.4 T o008
. i
H 0.3 0.06
Relative  : 2
1]
g 0.2 é 0.04
0.1 0.02
Jan FebMar Apriay Jun Jul AugSepOct NovDec sar Jan FebMar &priay Jun Jul AugSepOct NovDedr ear

CIO00)
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Bifacial Simulation and Results

Additional contributions

with Bifacial Models

¢ Global incident on ground
¢ Ground albedo

¢ View factor rear side
(irradiance renormalization for ground and
module surface)

Sky diffuse on rear side

Beam effective on rear side
Shading loss on rear side
Total irradiance on rear side
Ground reflection on front side

NN N N N

IAM losses are included in View Factor

Bruno Wittmer

e kﬂlll'm“___——l\

2609 KWhim* * 3254 m# coll.

Unlimited Trackers

Horizontal global irradiation

+416% Global incident in coll. plane
/E-D.DE% Global incident below threshold
b_,-s.ﬁ% Near Shadings: irradiance loss

-1.458% &M factor on global

|t +0.48% Ground reflection on front side

|——_Bi-facial
Global incident on ground
872 KWh/m* on 7084

Fﬂﬂ% Ground reflection loss (albedo)
-82.58% View Factor for rear side
+18.90% Sky diffuse on the rear side

0.00% Beam effective on the rear side
-3.00%  Shadings loss on rear side

9.20% Incident irradiation on rear side (240 kWh/m2)
Effective irradiance on collectors

efficiency at STC = 15.38%

PV converzion, Bifaciality factor = 0.80

1400 MWh

1158 MWh

1162 MWh

1162 MWh

Pages

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings
Mismatch for back irradiance
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voliage
Inverter Loss due to power threshold
Inverter Loss due to voltage thresheld
Available Energy at Inverter Output

Energy injected into grid

.

0o00o
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Studying Bifacial Behavior with PVsyst

Optimization Tool

Allows quick parametric
scans to optimize
Irradiance or Yield

Batch Mode

Parametric scans with
many parameters and
output to CSV files for
further analysis

Hourly Results

Simulation results in
hourly steps for > 80
different variables

P —
o < | vt T heh Scam e e D)

=) | varbie: [ =] G gt Scan e (_Geid [T}

- :_ "o M Vield as function
_— | of GCR and Heig
o —

i s 4 Yield vs. Pitch ===

Choose parameters

Defintions for Miltple Simukation runs i Baich

[P e D —

Mt i | s i 10 s pam | S it Lo

Choose result variables

Edit parameter file Execute simulations

Execute simulations Custom Analysis

Inspect results

Global PoA Irradis

The following results were obtained with PVsyst 6.71 batch mode and hourly result files

Bruno Wittmer
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Bifacial Gain and Tracker Gain

Bifacial Irradiance GairBG;,) YOQSYQORI HQQME
6 !‘O \ r (3) e, L) 1 er 7 e, e 1
Ol ¥R IT 0 QQweE

The full Bifacial Gain BG includes also
bifacialityfactor and bifacial mismatch

It is smaller tharBG,,

Tracker Irradiance Gainr@,,)

o 4 ® QRO NQ|
Horizontal axis trackers Fixed Tilt Sheds Od £ w QOO

@ @ Tracker irradiance gain with respect to

Fixed Tilt Sheds,
lbrot same width, pitch (GCR) and height over
ground

1N —4

lprof (
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